The Eastern Cooperative Oncology Group (ECOG) conducted a prospective phase III study in patients with relapsed/refractory acute myeloid leukemia (AML) to evaluate whether administration of repeated courses of low-dose cytarabine (LDAC) maintenance therapy after induction of complete remission in advanced AML would improve disease-free and overall survival. Patients with AML in second/later relapse or refractory disease were first treated with a combination of high-dose cytarabine and amsacrine. Those who achieved complete remission were then randomized to observation or to receive LDAC, 10 mg/m 2 subcutaneously twice a day ؋2 21 days every 2 months until relapse occurred. Of 86 patients eligible for randomization, 41 patients were assigned to receive LDAC and 45 patients to observation. The median disease-free survival was 7.4 months for patients assigned to LDAC compared to 3.3 months for patients receiving no additional therapy, P = 0.084. The median survival from randomization was 10.9 months and 7.0 months for patients receiving LDAC maintenance chemotherapy and observation, respectively (P = 0.615). The data from this study suggest that LDAC maintenance therapy given to patients with advanced AML who achieve complete remission can increase disease-free survival compared to observation, but does not improve overall survival. Nevertheless, because of the ineffectiveness and toxicity of intensive post-remission chemotherapy in this circumstance, LDAC maintenance therapy, a tolerable outpatient regimen, offers the potential for improved quality of life. Leukemia (2000) 14, 1349-1353.
Introduction
In adults with de novo, newly diagnosed acute myeloid leukemia (AML) induction chemotherapy results in a complete remission (CR) rate of approximately 65% overall, with the likelihood of CR varying inversely with patient age. 1 Among those patients who achieve a CR, approximately 35% experience a durable remission. The great majority of patients therefore relapse. The likelihood of such patients achieving another CR is approximately 40%. 2 Even when these patients do achieve a CR, the median duration of remission is only approximately half as long as the preceding remission, and long-term survival and cure is only obtainable after autologous or allogeneic bone marrow transplantation. 2 Whether any chemotherapy less intensive than that employed in bone marrow transplantation can prolong later remissions in advanced AML is unclear. The fact that many patients with advanced disease are elderly and/or variably compromised by complications from previous treatment raised the question of whether low-dose maintenance chemotherapy would be tolerable and of benefit. Based on data demonstrating some efficacy for lowdose cytarabine (LDAC) in the therapy of AML [3] [4] [5] [6] [7] and myelodysplasia, 8, 9 a LDAC maintenance program was used in a randomized clinical trial (EST5483) of the Eastern Cooperative Oncology Group (ECOG). In order to standardize the chemotherapy regimen used to induce CR, all patients received a course of high-dose cytarabine and m-AMSA (4′(9-acridinylamine) methane sulfon-m-anisidide). Those patients who achieved remission were then randomized to receive repeated courses of low-dose cytarabine (maintenance therapy) or no further therapy (observation). The primary endpoints of this study were disease-free and overall survival.
Patients and methods
Adult patients with relapsed or refractory AML of FrenchAmerican-British (FAB) types M1-M7 10 were enrolled on ECOG study EST 5483. Eligible patients were required to satisfy all of the following criteria: age 18-75 years old; at least one prior leukemia induction therapy; no prior history of myelodysplasia; у5 weeks since the last chemotherapy; afebrile for Ͼ72 h off antibiotics; and adequate hepatic (bilirubin р2.0 mg/dl, serum transaminases and alkaline phosphatase Ͻ3× the upper limit of the normal range) and renal (serum creatinine р2.0 mg/dl) function. Patients were excluded from eligibility for the following reasons: prior therapy with either high-dose cytarabine (Ͼ1.5 g/m 2 /dose) or m-AMSA; prior malignancy for which chemotherapy or radiation therapy was administered; uncontrolled angina, congestive heart failure or cardiac disease requiring digoxin, diuretics (other than for hypertension) or antiarrhythmic agents; and prior cranial or axial radiotherapy. Patients with unstable cardiac status, myocardial infarction within the past 3 months, or in blast crisis of chronic myelogenous leukemia were ineligible.
The induction chemotherapy regimen for all patients consisted of cytarabine 3000 mg/m 2 in 250 ml D5W administered over 1 h intravenously every 12 h for 6 consecutive days, followed by m-AMSA 100 mg/m 2 in 250 ml D5W given as a 1-h intravenous infusion daily ×3 days (on days 7, 8 and 9).
To qualify for the randomization step of this trial, patients had to demonstrate an ECOG performance status of 0-2, continuing documentation of CR (neutrophils у1500/l and platelets у100 000/l) at the time of randomization, bilirubin р2.0 mg/dl, and alkaline phosphatase and transaminase р3× normal. Patients with persisting infection were ineligible.
For those patients randomized to the low-dose (LDAC) maintenance therapy, treatment began 1-3 weeks after documented CR. Investigators could delay, however, longer than 3 weeks to register patients for randomization if necessary to allow time for the patients to recover from the toxicities of induction therapy and/or to meet the eligibility requirements for randomization. Treatment consisted of cytarabine 10 mg/m 2 subcutaneously every 12 h × 21 days (self-administered at home). The treatment cycle was repeated every 8 weeks until relapse. The scheduled 21 day course of treatment could be modified as follows: if the neutrophil count was Ͻ1000/l or platelet count Ͻ50000/l prior to day 14, cytarabine was temporarily halted and blood counts were repeated every 2 days. When the neutrophils again exceeded the threshold values, cytarabine was resumed and continued until day 21. The days missed due to low counts were deleted from that cycle. If the low blood counts occurred on or after day 14, that cycle was terminated. The next cycle was resumed 5 weeks later. If abnormal blood counts persisted, a bone marrow examination was performed.
CR was defined as an M1 marrow status (Ͻ5% blasts, Ͼ15% erythroid elements, Ͼ25% normal granulocyte precursors in an at least moderately cellular marrow), P1 physical status (no leukemic involvement of the spleen, liver or lymph nodes) and H1 peripheral blood (hemoglobin Ͼ11 g/dl; neutrophils Ͼ1500/l, no circulating blasts; and platelets Ͼ100 000/l). Patients who had an M1, P1 and H1 status were still considered to be in CR even if the hemoglobin was Ͻ11 mg/dl. Relapse was defined as the appearance of circulating leukemia cells or Ͼ5% blasts in the bone marrow. Toxicity was evaluated using ECOG criteria.
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A total of 404 patients were initially registered for induction therapy between June 1984 and December 1988, when the study accrual goal was reached. Of these patients, 16 failed to provide adequate documentation of diagnosis (eligibility required submission of peripheral blood and bone marrow slides for centralized review and confirmation of diagnosis), 10 patients were ineligible based on medical guidelines for study entry, nine patients were diagnosed with acute lymphocytic leukemia, six had received therapy too recently, three patients had been previously treated with high-dose cytarabine, and one patient each was ineligible because of no prior leukemia therapy, chronic myeloid leukemia, cancellation, and registration on study after treatment had already begun. This left 356 eligible patients.
The median age of the 356 eligible patients was 47 years with a range of 18-74 years. The ratio of male:female patients was 55:45, 80% had performance status 0 or 1, and only 2% of the patients had any prior radiotherapy. Only 10% of patients had failed to achieve a CR after у2 two prior induction therapy attempts, and 14% were primarily refractory to treatment. The distribution of the FAB types among the eligible patients was as follows: M1, 109 (31%); M2, 101 (28%); M3, 17 (5%); M4, 71 (20%); M5, 46 (13%); M6, 8(2%); and M7, 4(1%).
Statistical methods
Median leukemia-free survival for the patients in CR followed with observation was estimated to be 4.5 months. The study design called for 90 complete responders to be randomized. This number provided at least 90% power to detect a 100% increase in leukemia-free survival among complete responders who received LDAC maintenance therapy, using a two-sided, ␣ = 0.05 log-rank test. Based on the assumption that approximately 22% of the patients on the induction step were evaluable for the maintenance step, a total of 405 patients were to be registered for the induction step to secure 90 evaluable complete responders for randomization.
Complete responders were randomized according to the permuted block randomization scheme, stratified by the number of failed prior induction attempts (0 vs 1 vs 2 or more) and by the objective response to prior induction attempts (CR vs other). Survival distributions for the leukemia-free survival and overall survival were estimated according to the methods of Kaplan and Meier. 12 In prognostic factor analysis, the logistic regression model 13 was used to assess the association between the objective response and baseline patient characteristics, and the proportional hazards regression model 14 was used to assess the association between survival time and baseline patient characteristics.
For comparison of objective response rates, a two-sided Fisher's exact test 13 was used for dichotomous covariates, and a Wald test was used for continuous covariates in logistic regression models. For comparison of the survival distributions, a two-sided log-rank test of Mantel 15 was used for discrete covariates, and a Wald test was used for continuous covariates in proportional hazard regression models. Both tests were stratified by the stratification factors, unless otherwise indicated.
Results

Induction therapy
Of the 356 eligible patients who received induction therapy with high-dose cytarabine and m-AMSA, 150 or 42% (95% confidence interval, 37-47%) achieved a CR. Using the median age of 47 years as a cutpoint, the CR rate was 50% vs 34% in younger vs older patients, respectively (P = 0.04). The CR rate for patients у60 years old was 30% (25/82) vs 46% (125/274) for younger patients (P = 0.015). In this patient population with advanced disease, 100 patients (28%) died of complications of induction therapy, most frequently (in 84 patients) due to infection. Because of the high treatmentrelated mortality rate of this induction chemotherapy, the combination of high-dose cytarabine and amsacrine given here is not recommended for subsequent use.
Post-remission therapy
Of the 150 patients in CR, a total of 86 patients was eligible and entered the randomization after CR. Sixty-four patients who achieved CR were not eligible for randomization because of the following: relapse (34) or death (five) prior to randomization; exit from the study to undergo bone marrow transplantation (14 patients); delayed documentation of CR (four patients); failure to meet medical criteria for randomization eligibility (six); and prolonged thrombocytopenia (one). The 34 relapses (22% of the CRs) occurred in patients whose physicians delayed randomization awaiting patients′ recovery from induction toxicity and/or satisfaction of the eligibility criteria for the randomization. Overall, the time from CR to randomization was a median 7.5 days (range, 0-112 days). Of the 86 eligible randomized patients, one patient refused assignment to observation and opted for LDAC therapy, whereas four patients refused LDAC and three relapsed before receiving it. All of these 86 patients are included in the statistical analysis of outcome based on the intention-to-treat. No significant differences were detected between the 45 observation patients and the 41 patients receiving LDAC with regard to the distribution of prognostic and demographic features, such as age, gender, time to CR, distribution of FAB types, number of previous CRs, performance status, and peripheral blood count or bone marrow features at study entry. The groups were quite similar as shown in Table 1 .
The median follow-up of these patients was 7 years and 3 months. As shown in Figure 1 , the leukemia-free survival measured from the time of complete remission was 4.1 months overall; 3.7 months in patients on observation and 7.9 months on LDAC maintenance. This doubling of median disease-free survival was associated with a P value of 0.084 (logrank) for the observed difference. When only those patients who actually received their assigned randomization are considered for analysis, the median leukemia-free survival was 3.9 months; 3.1 months for patients on observation and 7.7 months on LDAC maintenance. The observed difference became statistically significant, P = 0.027 (log-rank). Univariate analysis revealed that longer time from the start of induction therapy to CR (median value of Ͼ36 vs р36 days) and longer time from CR to randomization (median value of Ͼ7.5
Figure 1
Kaplan-Meier estimate for leukemia-free survival.
Leukemia vs р7.5 days) were associated with decreased leukemia-free survival. To assess the joint effect of individual factors on disease-free survival, a proportional hazards model was fit according to the model building technique of stepwise selection. After adjustments for time to induction CR and time to randomization, patients receiving LDAC maintenance therapy experienced statistically significant improvement in leukemiafree survival, P = 0.043. Overall survival (measured from time of randomization) of patients under observation (median, 7.0 months) and of patients receiving LDAC maintenance (median, 10.8 months) did not, however, differ significantly (P = 0.615 by unstratified logrank and P = 0.492 by stratified log-rank), as shown in Figure 2 .
Toxicity
Of the eligible patients on observation, three patients experienced grade 3 hepatic toxicity and one patient had grade 3 infection. Of the eligible patients on LDAC maintenance, on at least one treatment cycle hematologic toxicity was grade 3 in 14 patients and grade 4 in 14 patients. Curtailment of the number of treatment days in subsequent cycles prevented repetitive severe hematotoxicity. Compliance was excellent. Thirty-one patients were treated continuously until relapse occurred for 1-24 months (median, 3 months). Only five patients in CR discontined therapy after less than 6 months of treatment. They all had relapsed less than 1 year later. Four patients in CR terminated therapy after 1/-7. years. One of these patients relapsed 22 years later. The other three remained in continuous CR 3, 4, and 6. years later, when data collection for this analysis closed. One patient remained in CR while being treated continuously with LDAC for 9. years. Five patients receiving LDAC had grade 3 non-hematologic toxicity, including hepatic toxicity (two), vomiting (one), infection (one) and fever (one). No grade 4 (life-threatening) nonhematologic toxicity occurred, and no patient died as a result of LDAC therapy.
Figure 2
Kaplan-Meier estimate for overall survival.
Discussion
Escalating the intensity of therapy after first CR in AML by high-dose conventional chemotherapy 16 improves remission duration, especially when compared to no further therapy 17 or low-dose maintenance therapy. 1 When CR is achieved in advanced AML (eg second or later remissions, refractory disease), remission duration and survival are usually brief. 2 
Autologous
18 or allogeneic 19 bone marrow transplantation can produce cures in up to 30% of such patients. It is unknown, however, whether any other post-remission therapy, except for bone marrow transplantation, can improve disease-free or overall survival in this circumstance. The problems of low CR rates and the difficulty of maintaining remission by conventional chemotherapy in advanced AML are similar to those that confront older patients in initial remission. In first remission AML in the elderly, intensive conventional chemotherapy does not provide benefit and poses unacceptable risks of morbidity and mortality. 16 Older patients are over-represented among patients presenting for chemotherapy with advanced or refractory AML, because they are less likely than younger patients to be cured by initial therapy and more often unable to tolerate the rigors of bone marrow transplantation.
Since intensive therapy after remission produces substantial toxicity in patients with advanced AML, the ECOG decided to test the value of modest dosage maintenance therapy. LDAC was chosen because of its demonstrated efficacy in remission induction 20, 21 in advanced AML [3] [4] [5] [6] [7] and myelodysplasia 8, 9 and in the chronic phase of chronic myeloid leukemia. 22, 23 LDAC has been administered in doses ranging from 10-20 mg/m 2 daily for periods of 10-20 days either subcutaneously or by continuous infusion and repeated every 3-8 weeks. 20, 21 The most common dose and route of administration has been 10 mg/m 2 every 12 h subcutaneously. Even at such minimal doses, hematotoxicity with pancytopenia and neutropenic fever resulted in mortality rates of approximately 15% when administered to patients in relapse as induction therapy. 20, 21 In contrast, toxicity has been modest when the same doses and duration of therapy was employed in the setting of maintenance therapy after CR. 3, 6, 7, 24, 25 The broad applicability of this study's findings is limited by the fact that only 57% of the patients achieving CR reached the randomization step. The high-risk patients relapsed before randomization. In a subset of patients studied here, maintenance therapy did not cause any lethal toxicity, and the median duration of remission associated with LDAC administered every 8 weeks until relapse was 7.4 months, more than twice as long as the observation only group. This is consistent with other studies of low-dose cytarabine therapy after CR in patients with advanced and unfavorable (with medical problems, secondary leukemia, and/or age Ͻ60 years) AML who were treated with variable course lengths every 4-6 weeks until relapse; the median duration of CR was 6-9 months. 3, 6, 7 Archimbaud et al 24 studied patients with unfavorable AML (elderly patients and secondary AML) who had achieved their initial CR with standard induction therapy. These patients received four courses (every 6 weeks) of LDAC. The median disease-free survival was 10 months. Another trial in a similar group of patients involved readministration of one additional course of induction therapy after CR. 25 Patients were then randomized to receive eight courses of LDAC (10 mg/m 2 subcutaneously every 12 h × 12 days every 6 weeks) or to be observed without chemotherapy. The CR duration for LDAC (median, 12 months, 20% at 3 years) was significantly better (P = 0.006) than for observation (median, 7 months, 7% at 3 years). As was true in the current study, overall survival did not differ significantly (P = 0.29) between LDAC (median 14 months, 18% at 5 years) and observation (median, 18 months, 15% at 5 years). The authors noted that the difference in disease-free survival persisted for 5 years, even though LDAC maintenance was given for only 1 year, suggesting some carry-forward of LDAC's effects on residual leukemia cells. Similar suppressive effects on leukemia regrowth were evident in Archimbaud et al's study, 24 wherein there was an acceleration of the relapse rate after the 6 months of LDAC ended, at a time when the slope of the relapse curve should have been declining rather than increasing.
In conclusion, even though no improvement in survival has yet been demonstrated with LDAC maintenance, suppression of leukemia regrowth improves the disease-free survival. Because of the declining effect after discontinuation of LDAC, subsequent studies should continue LDAC maintenance therapy until relapse occurs, rather than stopping at a previously fixed interval. Patients might also benefit from reducing the opportunity for interval leukemia regrowth between courses by giving LDAC more frequently than in the previous studies, such as monthly and limiting the period of treatment to 7-10 days to allow tolerable, repeated treatment cycles. Except for bone marrow transplantation after CR induction in patients with unfavorable AML (older than 60 years, secondary disease, relapsed, poor prognosis karyotype), intensifying conventional chemotherapy (with high-dose cytarabine, for example) does not improve CR duration or survival, but it does contribute to morbidity and mortality. Given these circumstances, low-dose cytarabine (given with minimal toxicity as an outpatient regimen) has much to recommend it to improve disease-free survival, and therefore quality of life in these patients.
